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ITINERARY PLANNER/ENERGY SAVING 
 
Currently, tourists use the Internet as an important tool for planning prior .their   
travelling. Besides, the Internet facilities to search tourist destinations, it helps .to plan 
for saving the optimal travel cost because in recent, gas price is very .expensive. This 
paper proposes to design an online travel itinerary planner under .energy saving 
constraints by focusing on a calculation approach of energy .consumption of cars in 
different environments. The approach applies factors related .to the energy consumption 
which are car types, fuel types, car speeds, car weight, .and condition of the road slope. 
These factors are used to analyze routes and rank .the travel itineraries. In addition, the 
designed planner explains those travel .itineraries about energy consumption, travel 
time and travel expenses. 
The developed system is tested by setting five simulations of travelling with 
.five different types of vehicle. The experimental results reveal that mini cars could 
.save energy up to 53.52% when compared with heavy cars owing to their different 
.engine powers.  While the choosing of travelling plans with the minimum of energy 
.consumption could save more energy than the choosing of travelling plans with the 
.shortest distance or time.  The evaluation results on system usability testing show .that  
the  overall  system  usability  is in a  high level  ( = 3.76). Considering   each  
  
.criterion of usability testing reveals that every criterion is in the high level, except  
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the criterion of  learnability is in a moderate level ( = 3.22).  This is due to the fact 
that users have never used this system. The criterion with the highest mean ( = 3.78) 
is the efficiency followed by the flexibility ( = 3.78), the user satisfaction ( = 3.78), 
and the effectiveness ( = 3.75), respectively. 
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&	,	,&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%	? 6.. 2035  
.4k	*!8k2 1.7 	&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f^3
  
 k	*8,23	 (International Energy Agency, 2011) $%&ก!"'6	3$	"ก!,23	 
 &
4 40 (International Energy Agency, 2012) "#%	
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 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 #!	
	3	ก
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%g&	!,23	4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4 78.8  (Becken and Cavanagh,  
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	ก*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^
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%g&	%&4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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6*ก 
 !:4
	ก*ก%g&	
4!b!',
 	!f:	#* (Energy Efficiency  
 and Conservation Authority : EECA) %&6$6U
ก4#	3$	g^3
!$k	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 :44' "#ก$	#%&ก!#hกก4#	3$	g^3
!,
k	* ^
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 %g&7	,&
8 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!	% :4^
#ก!"'6	3$	g^3
! (EECA, www, 2006)  
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'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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1.2  !"#ก	 
1.2.1 ^
	,3	
	!b%	ก6$	(
!3	^
	,
k	*%	 
 ':#&
:ก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1.2.2 ^
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4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1.3 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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

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&^
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k^
ก&	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ก44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# 
1.3.2 4:	ก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

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&^
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4# 
 	 6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1.4 ' ก()* ' 
1.4.1  8&%g&&
ก$	#k	&
ก#!	 #!&	
	&
 3 : 
1.4.2  8&%g&&
ก$	#44:4ก%	:4k	&
ก#!	 
1.4.3  8&%g&&
ก$	#	- %	ก#!	=:4ก 
1.4.4  8&%g&&
ก$	#g	!#,
k	* :4	3$	%g&%	ก#!	 
1.4.5  8&%g&&
ก$	#	3$	กก,
k	* 
 
1.5 ( ก	 
ก!	3 7	ก!g!4ก*^
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	4:	:	ก 
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%&^
	=,6#&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4#	 %	8:,
":ก 
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*	a (Web Application) "#	&	ก	,3	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6$	(
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 
 !3	^
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	,
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':#&
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ก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 
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	(
!3	^
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	%g&
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	,
 
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#!	 6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 	3$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'6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#g	 
 ,
k		%	,
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&	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^
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
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4:	ก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 
 


	=	*'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	ก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^
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1.6 -.#	/0	1/' 
1.6.1 =#&,3	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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	,
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'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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
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1.7 	3	45# 
1.7.1 :	ก#!	
 (Travel Itinerary) k2 b*=#&กก6&	&	  
 ก#!	4%	ก#!	
 '%& _ "#:	ก#!	
 
 4ก
#& &	3#%	ก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
 44%g& 44%g& :4
 
 !3	^
	%	:4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1.7.2 ':#&
,
ก#!	"#k	* k2 g	!#,
k	* 4'	3$	 
 ,
k	*%g&%	ก#!	 
a,
k	* 	3$	ก%g&%	กก :4'6 
 #g	,
k		%	:4&	 
1.7.3 
!"'6	3$	,
k	* (Fuel Consumption) k2 !(ก!"'6 
 	3$	g^3
!,
k	*%	ก#!	 1000 ก!" 	7	 !
 1000 ก!" 
1.7.4 
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!3	^
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k2 !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	g^3
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 
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&	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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	,
k	*68(ก443#%g&%	 
 ก#!	 
1.7.5 ก4#	 (Energy Saving) k2 ก%g&	
6&6#f2       
 %		!	3=#&%g&	
6&6 "#ก^
ก&	ก#!	ก%g&	3$	g^3
! 
 ,
k	*$# 
1.7.6 4:	:	ก#!	
:

	=	* (Online Itinerary Planner)     
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k2 4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
	
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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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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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^
	$=%g&%	ก&:	ก#!	
=#&
#a  
 k8ก&
 :4ก6&
ก,
8&%g&^
	ก
 
1.7.7 4ก:	:	ก#!	


	=	*'%&^
	=,6#&	ก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 4#	 (An Online Travel Itinerary Planner under Energy Saving Constraints) k2  
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 4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
	
!	
*	ak:	ก#!	
 
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6&
ก,
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	2k2ก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&	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
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 2 
	
ก	
ก 
 
ก	
	ก 	
กก	
 
  ก!"  
2.1 
 กก&ก
'
'ก ! !!(  
 2.1.1 	
	)	 
  2.1.2 "!ก
'
'ก ! !!( 
  2.1.3 +,
&&ก
'
'ก ! !!( 
2.2 "!-.ก) ก !   
 2.2.1 "!-)/ก  ,0, (Exhaustive Routing  
 Algorithm  )D! Brute-Force Algorithm) 
 2.2.2 "!-) 
&&กกJ (Progressive Routing 
Algorithm) 2.3 
 กก&!" ,D!L!ก J(  
 2.3.1 ,M	'!!" ,D!L!ก J( 
 2.3.2 !	+ ก!ก&!" ,D!L!ก J( 
2.4 -ก!" ,D!L!ก J(  
2.5 &&
'
'ก ! !!(JPก,)L 
2.6  ก!  
 2.6.1  ก!ก&ก
'
'ก ! !!( 
 2.6.2  ก!ก&ก
'
'ก ! !!( 
JPPก,)L 
J	 !!," 
 
2.1 	 กก
ก!!ก"# 
 
2.1.1 	$ 
	'+.)	
	)	! Rก
'S )ก) !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ก
' )	P ก&ก.กก)/,( 
-ก.)&/
/,("  LD!		
! )D!	 .) )D!!/ ก
'
 ก!ก&/)	,ก&-ก /)	,กUD!!  -กกUD!
! (   (, 2543) 
ก
' )	P )ก&).กก)/)	 
ก
. D!ก-ก/.)&//)	" (J( , 2545) 
ก
' )	P   ,0กก	 )D!ก&กก)/,( 
J& 
-,W&)  
 R
' (Plan)S )D!-ก XD!	,M/&,! 
 LD! ,0
.ก .) ,0,	 ,Y)	ก) 
&/	 U.
/ (/ Xก/X, 2547) 
ก
' )	P Rกก!S 
 ,0 D!	D!!)P!ก
&)ก  ,0&&	
 )(.) .Z
!	
) D!ก ก
 )		ก&Z
!	.ก ก (!/[  -, 2549) 
ก
' )	P กก)-ก!	&& 		D)/! 
	 )/' JLก D!ก) ]  กก XD!	J)-กก& ,Y)	  LD!
ก.) ก ,
,! กP"." 
 .)ก

'",&	 U  (Hartley, 1968; Robbins, 1980; Dressler, 2004) 
 ก	ก
'  /, ก
'
'ก!  )	P ก
ก) ,Y)	   LD!) D!ก/.ก !   J	ก&ก)D!
-ก ,0&& 	L ,0,M!ก
' 		
! )D!	  
.)!/  LD!.)&/ ,Y)	.ก
'
'ก ! " 
 
2.1.2 
%&ก!!ก 	"# 
กกLd U!! !( U .)ก P!	+P" 
.)
 กกก	 ] & D!!!( J eL.Zก! &		+P" 
fPก )D!ก!  ,0!![!	+)ก) (Shveta and Khare, 2012)  
	,ก!&ก. LD!ก
'ก !  ก ก)!	+ก
!  ,0,M)f&f! ก! P	.X-ก ,& &ก
)!	+! 
!!( ] 	!+  X &U!กก  กL  
j+L (Yahoo+) (Tan and Chen, 
2012)  LD!.X,ก!&ก..ก D!ก )D!  .)
J	.
ก)!	+ LD!ก 
'! !!( L	+P" fP!	+)&ก
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'ก ก! 	)&! !( U 
ก  ก&J( ก
)Lก ก)กก	 [ก. 
ก)o D! )D!&  
(Mariani, 2007) 
"!.ก
'
'ก ! !!(.),/)	,
" 			&+(	ก/ )ก	ก !	+)ก) 	ก!!!	+ XD!D! 
ก&	!ก!ก )D!ก!  J!	+	.X.ก
' 
! !!( 
ก !	+!)D!/)	,, !	+  !	+
ZL!ก[ !	+&,	  fP!	+ก!		
	 P.)ก

'ก ! 		+ก! (Homb, Mundhe, and Kimsen, 1999) J!	+.Xก&
ก
'ก ! !!("	)ก&&
P"กZ
-/ก fP กU&!	+ก! !ก ก! !,Y!!	+ &D"!  X 
 ,Y)	   ,M!D ]  ก!ก&ก
' J&& !!	+ ,0

'ก   ก .ก! .
" (Vansteenwegen, Souffriau, 
Berghe, and Oudheusden, 2011) fP	
&, Z!ก
'
'ก 
! !!(  4 , Z 
ก (Angskun  and Angskun, 2008) 
1)  ก
'!!(	 ก  (Journey Planning) D!ก

'ก J.X! !( U	X
' ก  J&&.X!	+
	 ก  
	
'ก   ก  

.X.ก .)ก&ก!  fPก
'ก J U&f(.)!	+

&&ก/)P,!ก/)P (point-to-point)  LD!.)!	+	 ,Y)	ก)  X 

'J D!ก  U/ ก!/ ก "/ )D!.X 
!/ 
2) ก
'!!(	. (Place Ranking) D! ก
'
ก '! !( U J![ก!&.  X  U&f(
'ก
 !   !j+ !!	 (travel.yahoo.com) 
,
! f!(!!	 
(tripadvisor.com) 
3)  ก
'!!(	ZL!ก[ D! ก
'ก  
	ZL!ก[กกLก(!ก[!!( ก!   U&f(! - -!( !!	 
(weather.com) 
 - -!(! !(ก( !!	 (weatherunderground.com) 
4) ก
'!!(	
ก!  J&&
'ก 
'! !( U, Z" X U&f(!ก( !  (iguide.travel) 
(fP	
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( !!!ก (tourismthailand.org) fP	ก&&
'ก '! !( U.
, Z"	!&	!ก!  R,!S R,)S  
R,!S 
 R, 	D!)S 
!กก"	 JJ!D ] !	ก.ก
'ก 
.)ก&กก!   X !	+
')D! ก! !( U ,&ก(! ก
&U!ก ] (Gretzel, Yoo, and Purifoy, 2007) 
ก&ก U& (Web Service) fP ,0&ก 
.)!	+ ] ! 
'!!( &&)  !	+L) !	+ & 
!	+
  (Camacho, Borrajo, and Molina, 2001)  LD!.X ,0!	+&/ก
.!ก!  X.)ก! 	,ก!&ก.
ก
' 
!  กก)  
!  ! (- [	, 2551)   
/, "!.ก
'
'ก ! !!(,ก!&
,ก&ก ก! "  
1.  กก)/ 	 
/)	,  LD!.X.ก D!ก
, Z!L).ก , ,Y)	   
2. กก)!	+ก  ,ก!& , Z!L) 
 X ก J D!& ( |  
 .X.ก      
3. ก
 !&&กกก)!	+ Jก
,	' !!	+	ก&ก U& &&
 )D!
'!!( 
4. ก D!ก 		!ก  X  ,)L 
 "/  '! 	ก/ 
 P"!+ก&  
 LD!.)
'.)ก! .ก , ,Y)	J.X ก&	!ก
!ก! 	ก/ 
 
2.1.3 (ก!!ก 	"# 
&&
'
'ก ! J	ก.,M/& ,0&&

'ก '! !( U )D! ก &&ก
'ก ! !!( 
J&&	/	/)	 LD!.)!&!ก !   Rก! ,)  
,! 
, 	D!)S (Angskun and Angskun, 2008) 
กก   
&&	!+.,M/&	
ก+,
&&ก
'ก ! ก ] 6 
+,
&& (Souffriau and Vansteenwegen, 2010)  2.1 
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& 2.1 +,
&&ก
'
'ก ! !!( 
(ก! 
&)*+ 
1.  ก) ก
 !  
(Selection and Routing)  
 ,0ก !	+!  ] !ก, 
 
&&,) , ,0,		!ก!
ก!    
2. ก
'	
!  (Mandatory 
POIs)  
 LD!!ก& ! !ก,	ก
!& 
.ก D!!& &&กU
 
.)ก&ก!  
3. ก
'ก 
! P"!+ก&   
(Dynamic Recalculation) 
 LD!!ก& ก! Z. ก
	! )& . )&  
4. ก
'ก
 ! P"!+
ก&.X  
(Budget Limitations) 
 LD!
!	+.ก !! ,"
	.X! กP"& J&&
!	+  X 
Lก J  "	 XD"! L.Xก J
( .X!D ]   fP!PP!	ก 
  
)!Pก  
5. ก
'ก 
! 	, Z!
!  
(Mandatory Types) 
 ,0ก
'ก ! .)!	+ กก&, Z
!!ก,  X ! 
&&/ZL ! 
[d-	 ! 
&&'Z ! 
&&ก 
!  
&& X  ก 
!  
&&,X/	)D!
[ก   
6. ก
'ก 
! 	ZLZ+	
, [!  
(Scenic Routes) 
 ,0ก
'ก  JPP 		

กZLZ+	, [ fP	'!ก..ก
 D!ก !ก! ก/	"   
 
ก+,
&&ก
'
'ก !   ก )U +,
&&

'ก ! P"!+ก&.X (Budget Limitations) 		.ก ก&
 !	ก/ 
!กU	 .ก
' ! P"!+ก&.X
" PP,M ก!D! Lก J  "	 XD"! L.X.ก 
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J( 
.X!D ] fP.&&ก
'ก! !!(PPก
,)L" 	,M!D ]  ก!!ก )D!ก"	 XD"! L.X.ก
 J(!ก	ก ! ZL!.X ,0 ก !   .X.
ก  ! U!( 
ก&/ก!( 
 
2.2 	
กก	
 
 
2.2.1 
%&	,$*ก+-##  (Exhaustive Routing Algorithm $A 
 Brute-Force Algorithm)  
"!-)/ก  ,0,  ,0-)/ก ")	 ,0,
.ก! ,!  ,Y)	 J-ก"L/ก 	
, LD!) / !กU	 )ก	 )D!/)	, L		ก
P"  	 ,กU	 L	P"	, 
.X 	ก.ก
 (Hui and Yonghui, 2010) 
ก! !ก , 3  (		/ 	) 
   / 	 
   0   J
	 .X	 
   1 
   1   !/(/ 
   2 
   2   ,)L	 
   3  
   3  !/
)X .) 
 ก ! 	,  X 
- J
	 .X	 , !/(/ ก& J
	  
       . X	 
+,
&&ก  0-1-0 
- J
	 .X	 , !/(/ , ,)L	   
                                   ก& J
	 . X	  
+,
&&ก  0-1-2-0 
- J
	 .X	 , ,)L	 , !/(/  
ก& J
	 . X	 
+,
&&ก  0-2-1-0 
J"!-)/ก  ,0,  ,0ก) ก  
)&ก ! ,")	!ก, .!D! 3 
) fP	
กก '/ก/ ,0,")	 J)+,
&&ก 
	,/ก "//ก"! 		/ 	 
& ,0 3 & +, 2.1  
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+, 2.1 +,
&&ก  ,0,."!-)/ก  
 
& 2.2 +,
&&ก  ,0,."!-)/ก ! , 
                   !  3 
) 
 
 
G+) 	
#"#  ($") 
(ก 	 
1 1 (0-1-0), (0-2-0), (0-3-0) 
2 2 
(0-1-2-0), (0-1-3-0), (0-2-1-0), (0-2-3-0), (0-3-1-0), 
(0-3-2-0) 
3 3 
(0-1-2-3-0), (0-1-3-2-0), (0-2-1-3-0), (0-2-3-1-0),  
(0-3-1-2-0), (0-3-2-1-0)  
 
fP,ก!&& 1 (Level 1 : L1) 	 ,!  1 
) fP
	+,
&&ก  
ก (0-1-0) (0-2-0) 
 (0-3-0)  & 2 (Level 2 : L2) 	 
,!  2 
)  X (0-1-2-0), (0-1-3-0)( 0-3-2-0) 
& 3 (Level 3 : L3) 	
 ,!  3 
)  X (0-1-2-3-0), (0-1-3-2-0),  (0-3-2-1-0) 	")	 15 
+,
&&  ,0, 
. 2.2  +,
&&!  ,0,
")		 กP" .ก ,! " 	ก	ก
 2.1 
L1 
L2 
L3 
G1 G2 
0 
1 2 3 
2 3 
3 2 
1 3 
3 1 
1 2 
2 1 
G3          G4           G5         G6 
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 !!

	

 (2.1) 
 
 	D!  = !ก, (		/ 	) 
   = 	"
 0 P n-1 
ก+	
!ก  ,0,!!  
3 
)	"  
=    !
!+ 
!
!   + 
!
! 
   =   15 
กก	/ก   ,0,!!  3 
)  
D! 3+6+6 = 15 +,
&&ก  ,0, ."!-)/ก . 2.3  
 
& 2.3 /,+,
&&ก  ,0,."!-)/ก  
+)" (n) G / ( 
2  4 +,
&& 
3  15 +,
&& 
4  64 +,
&& 
5  325 +,
&& 
6  1,956  +,
&& 
7  13,699  +,
&& 
8  109,600  +,
&& 
9  986,409  +,
&& 
10  9,864,100  +,
&& 
  
 
ก 2.3 
.) )Uก.X"!-ก)/ก  ,0,
" )ก	.X.ก	กP" +,
&&ก  ,0,กU L		กP"
 ,0)  .) .ก,	' L	P", 
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2.2.2  
%&	,$+กกN   (Progressive Routing Algorithm) 
  D!&&
'ก! !!(Z.!&&L

  (,( 	  - !ก/ 
	( !ก/, 2552)  !
!
"!-.ก) 
&&กกJ	,	'! U
+ก! 
.)X .ก
'ก! .)! 
 D!ก ,)L
	ก/ J"!-ก)  ,0,.ก! Z. D!&& 
] ก,)L "!-
&&กกJ	.X fP	 3 "!+, 2.2  
 
 
 
 
 
 
 
 
 
 
 
+,  2.2 ก&
ก/	!+,
&&ก ."!-
&&กกJ 
 
"! 1 ก&X" (Level) !ก  ก!,	ก
	!ก ,!  !.+, 2.2  	
!  4 
) )กก! 	 L!
	,/ก
) &!ก "
D! & 3 (L3)  D! ก ก/ 	 0 ,!  3 
) 
ก&	
/ 	 fP!	+,
&&ก )
&&  X ก/ 	 0 ,!  
1 2  
 3 	& 
ก&	/ 	 0 fPก(
+,
&&ก "D!  
(0-1-2-3-0) fPก+, 2.2  )Uก ! ก)+,
&& fP,.Xก/	
ก , 
L1 
L2 
L3 
G1 G2 
0 
1 2 3 
2 3 
3 2 
1 3 
3 1 
1 2 
2 1 
G3          G4           G5         G6 
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"! 2 กก/	ก  (Group) Jก . 
 ก.)!+.ก/	 ก 

ก/	ก 	,ก!& ก
 )+,
&& !.+, 2.2 ก ก/	 1 (G1) ! ก+,
&&ก 
 3 
&&	&X"!ก  D! L1 = (0-1-0); L2 = (0-1-2-0); 
 L3=(0-1-2-3-0); 
)ก'+.Xก)!ก	 4 
) (/ 	 + !  3 
))  กก/	ก
 ")	 6 ก/	 

ก/	,ก!&  3 &+, 2.2 .ก
)  ,0,")	" .X,JX(กก
ก ,0& 
ก ,0
ก/	" 
"! 3 ก D!ก  ,0, ) ")	
	 	 '+.Xก) 
,! 	ก
)/ fP&&
 	) .X.+,
&&ก !ก/	
กก! J!& .X.
 !
& )ก&..X  กก)
 'L-(+ก
 ก!
)!&ก 
	,ก/	,  
.กก/	.)	, !&ก'L-(!ก/	

!+.&. 
กJ, 	ก&" J	.&ก 
ก") .X	ก&ก 	!, 
ก/	.)	"	& L	P" 
'L-(กก/	ก!+ก&", 
ก&ก 	!,.)&/กก/	 
+,
&&ก  ,0,")	 J&
) ก ก)!!ก 

	 ,! 	ก
)/ fP"!- (Algorithm) 
&&ก
กJ.ก D!ก 
+, 2.3 
 
 
+, 2.3 "!-
&&กกJ.ก D!ก  
  
 
 
 
 
 
 
17 
 
 
J 
     CR (Complete Route)      =   f!  ,0,+ก กU&  
SL (Start Level)      =    & 	 
ST (Specific Time)      =   ")	.X.ก  
G (Group list)      =   ก/	ก  
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-
&&กก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 f!
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& 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
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)L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2.3.1 P
!&"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AQ
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N )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!/)ก	ก! L& 
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(+ก.X ,0L).ก !  L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(  
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ก&JZ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( 
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R
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& 2.5 !ก)!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R
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R
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R
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 
95 80 15 
100 80 29 
110 90 10 
100 90 25 
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& 2.7 !!" ,D!L!&/ก.ZL
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                    (Franzese and Davidson, 2011) 
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ก*ก  
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
(#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(#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R
N) 
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A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 (ก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& 66,098 7,857.90 65 7.96 987.31 
X 66,098 7,857.90 65 7.19 1,092.60 
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                      (Carlson, Busch, Diez, and Gibbs,  2013) 
 
กก[Pก, U กก&!" ,D!L!ก J( 
	/,,M ก!!!" ,D!L" 
1. .X.ก  
2.  .X.ก  
3. X!( 
4. ! U!(   
5. X!"	 XD"! L(.X 
  
 
 
 
 
 
 
22 
 
6. ")กก&/ก!( 
7. ZL	X! 
)&"P,Mก 	Ld"!-.ก)!
" ,D!L!(.ZL
!	
กก 
Ld&&
'
'ก
 ! !!(Z. D!&&ก,)L  LD!.)&&	ก

'+ก! 
	 
ก&	!ก!ก! )D!'+.X&&	ก/ 
 
2.4 
ก'
(	 !"	)!	ก#$% 
กก		 "#$"%&&$
	'('()$*+%#'"%#ก'() $#,*% 
ก**#'-ก** +#+$ก** %-'(#'
$"% *กก'	
'	
+$-'(
'	
 ก

'(#'#. +& & 
$ก
'(
'	
*+	
#กก$-'(#'#.	'($ก &%	 15-20  (Boriboonsomsin and 
Barth, 2009) 	D-	(#'#. #'#% +&#ก&$"+$ 
	(+%#ก	(& (Svenson and  Fjeld, 2012)  
E&(F'กก
-#	 $
)#'กG**	$ H  
'(ก'(	%#.% 	G**	+ก"%ก$ )กI	 +กก
)ก J
	 #. (Lloyd, 2012)   #ก'( 2.2 
F= AMR + AMG + B/V+CV
2 (2.2) 
 	D! 
F  = !ก&JZ"	!( (!1000 กJ 	) 
A  =  	D! &ก&	 (3.4319 x M +16.829) 
M  = ")ก")	!( () (1  = 1000 กJก	) 
R  = 	,-ก)	/!! (	 ก& 1 )   
G  = 	X!  
B =  	D! &ก&! D!( (2.1596 x POWER1.5345) 
J POWER D!ก! D!( (กJ() 
V  = ! U!( (กJ 	!XJ	) 
C  =   (	 ก& 0.016) 
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J!ก&JZ"	,.X)!" ,D!L!(!
 ก ")	 
.X.ก .
  ,0,")	
!,                 
 
2.5  +
,,ก	
		-!%#'.ก +)! 
.,M/& 	'+Ld&&!!( )D! U&f()&
'ก ! 
Pก,)LP"	) U&f( ! 1)  U&f( www.dxplace.com; 2)  U&f( 
www.wunderground.com; 
 3)  U&f( www.energywise.govt.nz 
กก ,& & U&f(
'ก ! Pก,)L 
L&  U&f([Pก/ก U&f(!/.)'+.X,Y!!	+! !ก, 

	 L	! 		!ก J
 U&f(PP,M
 ก!ก&ก,)L
กก fP.ก ,& &&&
'ก 
!!(" 
ก,M!!ก ,0 3 , Uก ] 
ก ,M ก!ก&( ,M
 กก& ก&( 
'L-(ก U&f(  2.8 
ก 2.8 L& &&!!(.)PP,M ] ก 
	 

ก! )UXD!  U&f( http://www.wunderground.com/roadtrip/ ,M
ZL! 	.X 
!กU	 ก,M ก!ก&ZL	.X" J	
 ,0
,.X.กL กก&ZLก&. 	D!/!ก 	D! " 	
ZL!  ,0
&)D!X  		L
!. !กก" &&
!!(L&")	 		ก !")กก&/ก!(
กก 		
L.ก)!" ,D!L fP'.)ก) ,)
L	ก/!'L .)	!!ก&	 ,0 
!'.)
ก! 	LPL!.!'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& 2.8 ก ,& &&&
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'ก ! !!(JPก 
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http://www.dxplace.com            
http://www.wunderground.com/ 
roadtrip/ 
       (1)   
 
http://www.energywise.govt.nz/ 
fuel-economy-tool 
           
http://www.tripcalculator.org            
http://fuelcostcalculator.aaa.com            
http://www.fueleconomy.gov/trip            
http://www.Gasbuddy.com/trip_Calculator.as            
http://www.travelmath.com            
* ")ก")	!(: (1) ")ก!(  (2) ")ก&/ก!( 
** ZL!:  (1) . 	D!)D!!ก 	D!  (2) 
&)D!X  (3)  &)D!/ 
  
2.6  	
ก 
 
2.6.1 	
กก
ก!!ก 	"# 
           	   !	
 (Mariani, 2007)   กก&ก! &กก	
!!( L& ก
'ก  LD!กLก'!!!(	
J	 L	+P" 
ก! .).X .ก)!	+,	 16 XJ	!,)( (! 66) 
	กกP)P!ก ")	 ก  )"	ก LD!	&  )D!)/ 
(! 37) )D!, 	 LD! ] 
 (! 34) ก
'! !!(	ก
 J( (! 46) !	D! !ก[ (! 41) !(,ก!&	
/!ก
'ก !!(D! ก)
')D! ก& (! 60)  
ก)Lก (! 53) ก)กก	. (! 45) 
ก)o D!&)D!
ก& (! 41) 
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!( 
กก (Ahn and Rakha, 2008) 'ก&!ก. D!ก
 .ก.XL
ก,!	L!(  JP  .ก
  )D!.X.ก  ,M	L.ก D!ก  D!ก.X
L!( , Z!( 	ก!	+!f!|
(!ก,!	L
!(!ก&/	
!	!)! 	ก D! MOBILE 6 
!ก
,!กf	L JLก! 2 , Z 
ก ) 
)
)ก L& ก &) (Highway) .)" ,D!L	กก  
)ก  (Arterial)  D!ก	 U.&	'!,!	L 
ก" ,D!L 
	ก ก&	 UX  "ZLก Lก	ก&		 U+ 
 
	'ก&!ก.X 
ก,!	L 
	 	 
/ (Kim, Kim, and Ryu, 2009) Ld&&
'ก! 
. 	D!!(ก , [)! 	ก JLก	X!&!ก!   LD!

!  fP 	D!'+.X D!ก! )ก
 
!D ]  L	 	 
L!	ก& ! ก! 


)!'
'ก+ ก" (Google Maps)  
+ 
 (Wu, Murata, Shibata, Yasumoto, and Ito, 2009) Ld&&

'ก ! &/ .ก
'ก JPPZL!ก[ J.X
ก&ก.
&&กก (DecisionTree) fP&&	&!	+
!ก !  
 .ก ก'+.X 	
'ก .) )	
ก&ZL!ก[.
fP!
'ก ! . 	D!,Mกก 
6 /)	 L& ก.Xก.
&&กก!".X .ก,	'
 L 6  ก
'ก ก)
&&/กก (Brute Force Search) .X
 ,	' 16 XJ	 
)ก.X/)	, L 20 / ก,	'กก
)
&&/กก ! 17.90  
	  ,Jก+ 
 (2552)  D! &&ก
'ก 
! !e LD!ก,)LกP ก! !!(		!'+
&&D&&! !( UJกก! 70  JPPZ [ก.,M/& ก
Z"		 ก! P ,0!	ก
'ก!ก  LD!,)
.X.)	ก &	"PP 	!ก" ,D!L/ 

กPP 	)D! "/ J	ก!!ก


'J.Xก+ ก" 
 !L! (Google API) )&ก! fPL&ก.X&&
'! !e"X.)
'+.X			,)L. 	กP! 5.55  	D! &ก&ก
'
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JPP .X "/
! 12.53   	D! &ก& 	"
/ 
  ก 
 (Vansteenwegen et al, 2011) Ld&&'+ XX
)&ก!  	
'ก ! . 5  	D!., [ & 	 J
&&	!	+!.!
 	D!  LD! !.)'+.X D!ก		
!ก 
&& ! ,0
'ก  
 ก .ก! 

" L!	ก&	!ก.)',Y!ก& (Feedback) กก!  ," ] 
 
f+  
X  (Su and Chang, 2012) Ld&&ก
'ก 
!!(
&&! D!!&&)  (The multimodal trip planning system: MTPS) 
Jก!.),ก!& ก&  D!   	(-  
| &&
LdP"	/	/)	 LD!&+ก!	+      	ก))!
[+(กก  &&"
'ก  )		.)'+.X ก"L& 
	+ก!! 
 ก  	!-L!	 XD!	!ก!   
 X !	+! ! 
ZLZ+	[( J!	+ )"!,&.) ,0
,M/& 
	,-ZL	กP" 
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-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%+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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 2  190.05 0.09  21.03 110.2 
 3  190.11 0 20.54 103.82 
 4  189.00  0  22.67 103.24 
 5  189.77  0.08 30..15 124.48 
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 9  189.32 0  25 143.45 
 10  190.05  0.07  25.2 85.88 
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17 186.79 0.12 91.45  152.71 
18 185.32 0 81.25 152.56 
19 184.25 0 80.81 154.47 
20 182.88 0 81.33 155.19 
21 184.05 0.12 81.45 162.86 
 22  182.73 0 88.23 162.58 
 23  182.72 0 87.48 162.7 
 24  183.06 0.03 91.45 160.99 
25  181.31 0 78.51 160.39 
 26  181.98 0.07 91.45 161.67 
27  181.97 0 77.99 161.32 
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#1%#

& (,1ก#
*(.ก#
**#*+	 /#)%+"
#$%
(,4#"*(.(	 ,--,)41
)#1%#*+.41,-3
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#) $!)#1%#
#	2--
ก V+	 )*+1#*ก- 35.78 
-*
 !ก,--,	 !$
) ก1)#1%#
& (,
1ก#
*(,#"* ("*+ 3.4 
 
'% 3.4 ก	 !$
) ก1)#1%#
& (,1 
	
  
!"#
$!

  
(%1000 ก.) 
	
 
(ก.)  
 ก1-
"!-#"$
 
%1-&%  
('	) 
0-1 127.76 147.23 18.81 673.02 
 1-2 115.65 60.70 7.02 251.18 
 2-0  137.46 87.88 12.08 432.22 
 295.58 38.11 1,363.58 
 
  ก*+ 3.4 ")	 !$
) )#1%#
*+1 (,
1(,#"* *
 #"* 0-1  1)#1%#
*"
  18.81 
 (*(9ก 
127.76 x 147.23/1000 = 18.81) (,1 673.02 -* (	 ก 18.81 x 35.78 = 673.02) 
$
) )#1%#
(,1*+1ก#
**#*+	(.ก#
**+ 1  % 
.	)$
) #1%#
(,1*3ก#"*(. V+ก2% $
) #1%#
*+1 38.11 

 (,)1 1,363.58 -*   
"B'$ 3 ก
$
(ก
%-$% #)%+,--	 
"
#$% (,1ก#
*(,#"**+#$5$(	 ,--ก2,
$0*+#ก+	*!))"(.ก#
**#*+	 '#%+--ก
$,!) )*-(.ก#
**#*+	#!)$
) ก1)
#1%#
& ก#
*ก$)ก 4$*+ 3.6 
 
  
 
 
 
 
 
 
 
 
   4$*+ 3.6  .&#"**+")$
                  &'#%+--ก$,!  
 
3.1.2.3   ,-$	(ก
%
"	,--,
3)	)4 /,--,(",#
#"*ก#
*)"*+ a (.ก*#*+	 	#	*+#
+) "
"3ก
#
* (,("ก1#"**+-)
& ก$)ก 4$*+ 
 + ,--	(.(.ก#
**#*+	
 %+        
-    
  ("(.ก#
**#*+	*+
  a (.ก#
**#*+	
 
 +   +   + 
+  
 3

    +     $
) ก1)#1%#

 4 + 3.7 
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  +                                
+.41#%กก"	
 +  (ก  
 
 +   +   + 
+  
 3
   % 
 
  
 
 
 
 
 
 
 
                
                4$*+ 3.7 "	
-
                               '#%+
 
 3.1.3   ก
,$ก%"$%/( 
ก,--	(.(.ก#
**#*+	'#%+----
ก$,!  #*"-/ก#".&*+4ก 	)	#2	 (,	)
()ก	 #%+#".& (,(.ก#
**+)
.41!%ก*#*+	 /),#
3.1.3.1 
#"**+,--#%ก#$5-(ก ก-#"
 
 ,--	(.(.ก#
**#*+	&
 %+ --ก$,! 
   
 
  +  %+     
     & + 4  2
   %+   & 
 + 	)#!),")ก-	)ก
    
ก#$-#*-$
) ก1)#1%#

 + % 5     **+#%กก,,**+"*+"3 (,#"**+#%ก
45 
 

  + & 
 
  +  %+     
     & + 4  2
 
   % 
 & 
+ 3  + %
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กก1,,#	ก#
**+*+"3 /,--,""ก &ก
#
**#*+	4$(-- a #$5)4#ก*"-	#%+ก$,!
*+(กก #%+#$-#"**+4ก#%กก* 3 (--ก	 
3.1.3.2 ก$,#)
	)	)")ก1,-- 
(System Usability Testing) ก.4#1+	1U	 9  V+)	)#1%+)+, 95 (Nielsen, 
1993) /1(--"-)#%+	,-	).41*+)	)")ก
$b
")&ก-,-- 5  (ก $,"
*
',-- $,"
*
.,-- 	)
%!3,-- 	)")ก#4 (,	).41 
 
3.2 2กก@-/'$-%,Cก 
 
3.2.1 2ก   
$,1ก*+1	
 % $,1ก*+1ก$,#)
	)")ก
1,-- (ก .4#1+	1U)
	#& .4#1+	1U& (,
.4#1+	1Uก(.ก#
**#*+	 
 
3.2.2   ก@-/'$-% 
3.2.2.1 กก!ก3)	*+1ก$,#)
	)")ก1
,-- กกSกT (Nielsen, 1993) -		.4*"-ก1# 5   
,*"-$,"
*
', 85 (,.4*"-)กก	 ,#$0U!%+ a ก#
#2ก#
+)#
) 	
*"-,-- /1.4#1+	1U	 9  V+	 
,-	)#1%+)+#*ก-, 95 ")ก*+ 3.1 
'(&'%&)*+,
)
-ก&"."#*)/ = N(1-(1-L)n) (3.2) 
/*+ 
N  % 	.	)	$0U!ก1 (N )#*ก- 41  
#$5#t+*+กกSกT##V) 
L  % 	),#$5*+,-$0U! ,1/.41#
!+ (L )#*ก-, 31  #$5#t+*+กกSกT##V)  
 n  %  	*+1ก*"- 
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.&ก	,(".4$'*+  3.5 
 
\ 
4$*+ 3.8 	.4$,#)
,--*+".	)#1%+)+ก$,#)
,-- 
 
3.2.2.2 ก"3)	1	
ก"3)	(--#, /#%กSกTก
$,1ก*+)กT ,)	3$,"&*+,SกT % .4#1+	1U#ก+	ก-ก	(.(.ก
#
**#*+	 *+'#%+--ก$,!	 9  (ก .4#1+	1U
)
	#& 	 3  .4#1+	1U& 	 3 (,.4#1+	1U*+
)!*+(.ก*#*+	$,!		 3  #%+$,#)
	)")ก1
,--	(.(.ก#
**#*+	'#%+--ก$,! 
 
3.2.3   ,Cก 
"*+*ก	
 % !	1") /)4"*+*#*+	!	
1")*+ )กก#ก2-)4กก,*	ก*#*+	(,กv#$5)4	
ก,-- 
 
3.3  N$%/N$12#1ก 
#%+)%*+1ก	
  ,--	(.(.ก#
**#*+	&'#%+
--ก$,!  ),#  
 
3.3.1  N$%/N$12#1ก&+ 
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 1)  w&(	& % #%+)
	#&#%+1ก,--(,กก
[)4*!) )3 ")-
 
- !	$,)	.ก1
: Intel (R) Core (TM) 2 Duo CPU T5750 
	)+ 2.00 GHz 
   -  !		)" 2 GB 
   -  !		)!ก 160 GB 500RPM SATA Hard Drive 
   - 3$ก &#1%+)
#*&#2" Intel (R) Pro/Wireless 3945ABG 
Network Connection 
   - 3$ก &#"
)%+ a #1 #)"& ($c
)& #%+
)& #$5 
             2)  V~&(	& %,--$b
-
ก(,/$(ก)$,3ก&"!-,-- 
/)	)")ก"/$(ก)$,3ก&-
#*&#2 (,")#1%+)ก-
[)4$,ก-	 
   - ,--$b
-
ก: Window XP Ultimate 32 bit operating system 
   - #	2--	#V&: Google Chrome, Internet Explorer 9, Mozilla Firfox 
   - -
ก(.*+ก Google API (Google map) ,,* "'  
   - -
ก#	2- (Web Service) )$03- 
   - #%+)%ก"	
.41 PHP Script Language 5.2.6 
   - #	2-#V
&~#	& Apache Web Server 2.2.8 
   - ,--ก[)4 PhpMyadmin 2.10.3 
 
3.3.2    N$%/N$12#1ก/  
#%+)%*+1ก$,#)
	)")ก1,-- (ก 
(--"-)#%+$,#)
	)")ก1,-- /!.4#1+	1U	 9  
("	)
#!2กก(--,--	(.(.ก#
**#*+	& 
'#%+--ก$,!(,#"(,ก,-- (,")'T &
.4#1+	1U!ก1 #%+#ก2-#"(,%+ a $	
#,!&(,$-$3,--!
+ )
กT ,#$5(--"-)#$5) 2 "	 /"	*+ 1 	,-	).41*+)
	)")ก$b
")&ก-,--(,"	*+ 2 #"(,%+ a ,#$ 
"	*+ 1 	,-	).41*+)	)")ก1
,--/(-ก$,#)
#$5 5   
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 1. $,"
*
',-- (Efficiency) 	)*+)
	)#2	ก*,-- 
 2. $,"
*
.,-- (Effectiveness) 	)*+)
	)"),-- *+*!.41")14ก -3."#2 
(,1)#$c!) 
 3. 	)%!3,-- (Flexibility) 	)*+)
	)"),-- *+*!.41")#%ก. a #!),") 
4. 	)")ก#4 (Learn Ability) !) 	)
*+)	)"),--*+*!.41")#4	# $Sก 
.4(, 
 5. 	).41 (Satisfaction) 	)*+)
	)"),--*+*!.41)	)",	ก"-ก1 (,)	)#$5
*+)-ก1 
"	*+ 2 #"(,%+ a )กT ,#$5)$#$ (Open ended question) 
/"-)#ก+	ก-ก$-$3(,,-- 
 
3.4   ก,#%,	U&"$% N$%/N$ 
 ก"(,!$,"
*
'#%+)%(--"-)/ก(--"-)  
$*"-!	)	)#*+ (Valid) /$!	)",!	)ก-
	3$,"&!%#%! (Index of Concordance : IOC) (-3U) ก
$-
"3*
n, 2549) 
 )")ก*+ 3.3  
IOC =  
∑

 3.3 
 
  #)%+ ∑ =  ,(	)*+.4#1+	1U*3ก! 
   N = 	.4#1+	1U 
/*+,(*+.4#1+	1U! ) 3    
1    #)%+(	))	)"ก-3$,"& 
0    #)%+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Nissan 
March 1.2 S 
(MT) 
58 867 
 9	&
  
(Light Car) 
Nissan 
Livina 1.6 E 
(MT) 
84 1130 
9	&:ก
(Compact Car) 
Nissan 
Livina 1.6 E 
(CVT) 
84 1155 
9	&ก 
(Medium Car) 
Nissan Teana 2.0 XE 136 1453 
9	&*"= 
(Heavy Car) 
Toyota Camry 2.5 HV 160 1590 
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ก

  

  
(ก-0%) 

 
(8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8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%) 
1 400.46 23:04 48.20 
2 400.46 23:58 55.43 
3 348.47 21:37 60.85 
4 521.04 27:03 68.36 
5 526.79 28:18 69.45 
6 526.79 19:26 74.47 
7 521.04 20.59 77.26 
8 474.81 25:08 81.51 
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%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1 400.46 23:04 65.31 
2 400.46 23:58 72.61 
3 348.47 21:37 72.73 
4 526.79 28:18 95.02 
5 521.04 27:59 97.20 
6 521.04 27:03 98.48 
7 526.79 26:27 108.62 
8 474.81 25:08 108.66 
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ก#'	ก! 
	)/ก+Iก
	"$#
!'4 ก',
#'+" 5 '	"	 (Likert, 1967) &'ก+Iก

	"$ #!'4ก$"
'2)  
 
" 4.21 - 5.00  $'-2 "
','-!ก/ 
                                                                                  4'ก 
" 3.41 - 4.20  $'-2 "
','-!ก/ 
                                                                                                4  
" 2.61 - 3.40   $'-2 "
','-!ก/ 
                                                                                                4#ก 
" 1.81 - 2.60  $'-2 "
','-!ก/ 
                                                                                                4 
" 1.00 - 1.80  $'-2 "
','-!ก/ 
                                                                                                4,( 
 !+กก#'	"
','-ก/!) 
!ก#'	ก#3 2 '(' ก ก#'	
' ก#'	
'ก('4/
/? 12'#) 
 
4.3.1 ก+
#,	-"
	ก"	.	/ 
  1)  	+
,0,/"ก"	 (Efficiency) 
ก#'	ก!ก4/
/?) 9 " 
'
#,	*	!ก/'ก#'	4 (x = 4.00, S.D. = 0.57) ' ก
	+#3!"G4$
 3.89 s 4.1 
 4/,'-#E!'4,-

 
/ก
 
	',	),(ก


0
 

'),'-,,ก	
#3# !"
ก#$
0
 &'"G,4,( ' ก!  F 12'
 4.12 
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"%! 4.12 "
'"	$0!4/
/?'ก/!#,	*	  
                      (Efficiency) 
%! 	+
,0,/ (Efficiency)  S.D. 1+ 
1 
,'-#E!'4,-
 
/ก

 
	',	),(ก



0
 (4!) 1 #E!'4) 
4.11 0.60  
2 
,'-#E!'4- )$ก(ก /	
!)'/ )	/ 
0
  
(4!) 1 #E!'4) 
3.89 0.60  
3 
,'-,,ก	

#3#  !"ก#$

0
 (4!) 3  กก	) 
4.11 0.60  
4 
,'-,"*	ก	
 

0
 (4!) 5 *	ก	) 
3.89 0.93  
"G 4.00 0.57  
 
 2)  	+
,0, (Effectiveness) 
  ก#'	ก!ก4/
/?) 9 " 
'
#,	*	!ก/'ก#'	4 (x = 3.75, S.D. = 0.38) ' ก
	+#3!"G4$
 3.56 s 3.89 
 '"
','-,/กก
!'4,
!,-
 
 F /ก
 $4/#E!'4 
/กก!'4,
!,-
 
 F /ก
 $4/#E
!'4-4ก"-
 &'"G'ก,( ,
"
','-,/กก
!'4,
ก
!ก- $4/#E!'4'"G,( 4
/
ก 12' 4.13 
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"%! 4.13 "
'"	$0!4/
/?'ก/!#,	*	  
                      (Effectiveness) 
%! 	+
,0, (Effectiveness)  S.D. 1+ 
1 
,'-,/กก!'4,
!,-

 
 F /ก
 $4/
#E!'4-4ก"-
  
3.89 0.33  
2 
,'-,/กก!'4,
ก
!ก
- $4/#E!'4-4ก"-
  3.56 0.53  
3 
,'-, ,ก	

$',' !"ก#$
-4ก"-
  
3.78 0.44  
4 
,'-,"*	ก	
 !"ก#$-4ก
"-
  
3.78 0.44  
"G 3.75 0.38  
  
 3)  	-456	 (Flexibility) 
  ก#'	ก!ก4/
/?) 9 " 
'
"
' $(!ก/'ก#'	4 (x = 3.78, S.D. = 0.29) ' 
ก	+#3!"G4$
 3.56 s 4.00 
 "
','-!
,'-ก$,-
 


กก,ก	 '
"G'ก,( '"  4/,'- กก	ก  !'
"G,("  4/,'- ก	$#!)-#$ ก#!)
ก$& ก'4!,
ก 12' 4.14 
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"%! 4.14 "
'"	$0!4/
/?'ก/!"
' $(  
                      (Flexibility) 
%! 	-456	 (Flexibility)  S.D. 1+ 
1 
,'-ก$,-
 



กก,ก	 
4.00 0.00  
2 
,'-ก$!'4- )$ก(ก /	
!)'/ )	/ '"
'ก 
3.67 0.50  
3 ,'- กก	ก 3.89 0.60  
4 
,'- ก	$#!)-#$ ก
#!)ก$& ก'4!
,
ก 
3.56 0.53  
"G 3.78 0.29  
 
  4)  	-	ก#%	. (Learn Ability) 
   ก#'	ก!ก4/
/?) 9 " 

'"
','-ก4!4/ 'ก#'	4#ก  
(x = 3.22, S.D. = 0.56) ' ก	+#3!"G4$
 3.11 s 3.22 
 
'ก#K	,'*&ก4/$!ก/	!2) '"G'กก
 4/
,'-/#3
0ก 12' 4.15 
 
"%! 4.15 "
'"	$0!4/
/?'ก/!"
','- 
                      ก4 (Learn Ability) 
%! 	ก#%	. (Learn Ability)  S.D. 1+ 
1 
'ก#K	,'*&ก $!
ก/	!2)/ ก ก 

2ก
 
3.33 0.71 #ก 
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2 ,'-/#3
 3.11 0.60 #ก 
"G 3.22 0.56 #ก 
 
 
  5)  	-7"""	 (Satisfaction) 
   ก#'	ก!ก4/
/?) 9 " 

'"
'2!4/ 'ก#'	4 (x = 3.78,  
S.D. = 0.44) ' ก	+#3! 
 4//)ก
ก	
#
,'  $/
ก	) &'"Gก 
12' 4.16 
 
"%! 4.16 "
'"	$0!4/
/?'ก/!"
'2 
                      !4/ (Satisfaction) 
%! 	-7"""	 (Satisfaction)  S.D. 1+ 
1 
/)ก
ก	#

,' 
3.78 0.44  
2 $ /
ก	) 3.78 0.44  
"G 3.78 0.44  
 
ก#'	"
','-ก/!ก4/
/?) 9 " &ก
'"#ก F ,'-,(#ก#'	 4# 4.14 
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4# 4.14 กL,(#ก#'	"
','-!ก4/
/?) 9 " 
 
$กก#'	"
','-ก/!

 ก
	"))ก#'	'
	*,-		  $"G
&
'(กก") 
"G ก 3.78 ),'-,(#ก#'	
"
','-ก/! 
 
ก	

 !"ก#$ '"
','-ก/4ก+I ' 
	+ 
 &G4ก+Iก (ก (x = 3.78) ก
"
','-
ก412'"G4#ก (x = 3.22) &"#ก!'( 
"  #,	*	! 12#3'"G,4,(ก)$' 5  (x = 4.00) '

"
' $( (x = 3.78) "
'2!4/ (x = 3.78) "
'
#,	*	 (x = 3.75) ' 12ก

 ,'-,"
'2ก/
(ก!)) กก/ '&!'4ก,
 F ก#'
$
,	)# '"
'
0
 -4ก '"
'/ -  &'"#ก F 
/ -4ก $',' ,
(!) "  "
','-ก4 (x = 
3.22) 12-2''"G4#ก  ก0,'-(#E$' 
-2'
'"
'11ก/,$4/'"(" $ '"
/'ก )2'4ก/,
  $ก/
 
4.00 3.75 3.78
3.22
3.78
0.00
1.00
2.00
3.00
4.00
5.00
!&	
/! J
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4.3.2 ก+
#,	-"
1กก6#%!9 
 1)  	+
,0,/"ก"	 (Efficiency) 
ก#'	"
','-! /,-'ก

"
','-!กก('4/ก(' "  ก('4/
/?"'	
 ก('
4/
/?ก
 ก('4/
/?- &ก#'	"
','-!
#,	*	ก/'"G&
'4กก (x = 3.92,  x = 
4.50  x = 3.58 ') ' ก	+กก#'	ก('4/
/? '
 4.17 
 
 
 
 
"%! 4.17 "
'"	$0!4/
/?) 3 ก(''ก/! 
                       #,	*	 (Efficiency) 
 
%! 
ก"	
 
	
-,# 
	ก
"#%! 
	 
	 
 1+  1+  1+ 
1  ,'-#E!'4,-

 
/ก

 
	'
,	),(ก



0
  
3.67  4.67 'ก 4.00  
2  ,'-#E!'4- 
)$ก(ก /	!
)'/ )	/ 

0
 
3.67  4.33 'ก 3.67  
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3 ,'-,,
ก	

#3#  !"
ก#$

0
  
4.00  4.67 'ก 3.67  
4 ,'-,"*	
ก	
 

0
  
4.33 'ก 4.33 'ก 3.00  
"G 3.92  4.50 'ก 3.58  
 
 2)  	+
,0, (Effectiveness) 
ก#'	"
','-! /,-'ก

"
','-!กก('4/ก(' "  ก('4/
/?"'	
 ก('
4/
/?ก
 ก('4/
/?-   &ก#'	"
','-
#,	*	!ก/'"G&
'4กก (x = 4.00,  x = 
3.83   x = 3.42 ') ' ก	+กก#'	ก('4/
/? '
 4.18  
 
"%! 4.18 "
'"	$0!4/
/? ) 3 ก(' 'ก/! 
                      #,	*	 (Effectiveness) 
 
%! 
ก"	
 
	
-,# 
	ก
"#%! 
	 
	 
 
1+ 
 
1+ 
 
1+ 
1 ,'-,/กก
!'4,
!,-

 
 F /
ก
 $4/
#E!'4-4ก
"-
  
4.00  4.00  3.67  
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2 ,'-,/กก
!'4,
ก
!ก
- $4/#E!'4
-4ก"-
  
4.00  3.33 
#
ก 
3.33 
#
ก 
3 ,'-, ,
ก	

$',' !"
ก#$
-4ก"-
  
4.00  4.00  3.33 
#
ก 
4 ,'-,"*	
ก	 !
"ก#$
-4ก"-
  
4.00  4.00  3.33 
#
ก 
"G 4.00  3.83  3.42  
 
 
 
 3)  	-456	 (Flexibility) 
ก#'	"
','-! /,-'ก

"
','-!กก('4/ก(' "  ก('4/
/?"'	
 ก('
4/
/?ก
 ก('4/
/?-   &ก#'	"
','-
"
' $(!ก/'"G&
'4กก (x = 3.92,  x = 
3.83   x = 3.58 ') ' ก	+กก#'	ก('4/
/?'
 4.19  
 
"%! 4.19 "
'"	$0!4/
/? ) 3 ก(''ก/! 
                      "
' $( (Flexibility) 
 ก"	
 
	
-,# 
	ก
"#%! 
	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%!  1+  1+  1+ 
1 ,'-ก$,-

 



กก,ก
	 
4.00  4.00  4.00  
2 ,'-ก$!'4
- )$ก(ก 
/	!)'/ )	/ 
'"
'ก 
4.00  3.33 
#
ก 
3.67  
3 ,'- กก
	ก 
4.00  4.33 'ก 3.33 
#
ก 
4 ,'- ก	$#
!)-#$ ก#
!)ก$&
 ก'4!
,
ก 
3.67  3.67  3.33 
#
ก 
"G 3.92  3.83  3.58  
 
 
 4)  	-	ก#%	. (Learn Ability) 
ก#'	"
','-! /,-'ก

"
','-!กก('4/ก(' "  ก('4/
/?"'	
 ก('
4/
/?ก
 ก('4/
/?- &ก#'	"
','-
"
','-ก4!ก/'"G&
'4กก (x 
= 3.67,  x = 3.00  x = 3.22 ') ' ก	+กก#'	ก('
4/
/?' 4.20 
 
"%! 4.20 "
'"	$0!4/
/? ) 3 ก(''ก/! 
                      "
','-ก4 (Learn Ability) 
 ก"	
 
	
-,# 
	ก
"#%! 
	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%!  1+  1+  1+ 
1 'ก#K	,'*&
ก $!ก/
	!2)/ ก ก
 
2ก
 
3.67  3.00 
#
ก 
3.33 
#
ก 
2 ,'-/
#3
 
3.67  3.00 
#
ก 
2.67 
#
ก 
"G 3.67  3.00 
#
ก 
3.22 
#
ก 
 
 5)  	-7"""	 (Satisfaction) 
ก#'	"
','-! /,-'ก

"
','-!กก('4/ก(' "  ก('4/
/?"'	
 ก('
4/
/?ก
 ก('4/
/?- &ก#'	"
','-
"
'2!4/!'"G&
'4กก (x = 4.00,  x = 
4.00  x = 3.33 ') ' ก	+กก#'	ก('4/
/?'
 4.21 
 
 
"%! 4.21 "
'"	$0!4/
/? ) 3 ก(''ก/! 
                      "
'2 !4/ (Satisfaction) 
 
%! 
ก"	
 
	
-,# 
	ก
"#%! 
		 
 1+  1+  1+ 
1 /)ก

ก	#

,' 
4.00  4.00  3.33 
#
ก 
2 $ /

ก	)
# 
4.00  4.00  3.33 
#
ก 
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"G 4.00  4.00  3.33 
#
ก 
 
ก#'	"
','-ก/!ก4/
/?) 3 ก(' &ก
'"#ก F ,'-,(#ก#'	 4# 4.15 
 
 
 
 
4# 4.15 กL,(#ก#'	"
','-!ก4/
/?) 3 ก(' 
 
ก4# 4.15  ก#'	"
','-!ก/ก4/
/?) 
 3 ก(' 
 ก('4 /
/?
 ก('4 /
/?"'	
 #'	
"
','-!,4ก
ก('4/
/?- (x = 3.92)  ก 4/
/?ก

$0#&/ ก'/	กก,! &G
#,	*	'"G'ก,(  !+4 /
/?"'	
#'	
"
','-ก4!,4ก
4/
/?ก('   ก#,ก+ก
/"'	
'กก
ก('  F $4ก/
0
   
กก,ก!,!4/
/? 
 4/
/?'"
'2
#,	*	 "
'2!4/ &,'-,,!'4ก
	'4/ก$ !+ก4!4/ 
 4/
/?	/
")ก $'"(" ก0' ก('/
/?-#'	
3.92 4.00 3.92
3.67 4.00 3.92
4.50
3.83 3.83
3.00
4.00 3.92
3.58 3.42 3.58
3.00 3.33
3.44
0.00
1.00
2.00
3.00
4.00
5.00
!&	
/! J
&/4(9
&
&9
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"
','-!#,	*	 "
' $(,4ก
  #
,'-
ก	 "
+$,	)#  
')ก/
0
	กก4ก	) 
0	ก")' $!'4'"
',' ก0'
4/
/? ,$'ก,'&L  ,'-/(ก (ก
 	'
#.ก
!ก,	)# !- " M	ก'ก!!!4/  $
ก"
+,	)# '"
'-4ก	!2) 
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 5 
	

 
  
ก	
 	ก  กก กก 	ก !	
"!ก#
$  %&	" 
 
5.1 	ก 
#  "'()ก! !	'*!!ก"
")
$	 +"()$#ก,'	 -)&
"ก'*กก
#.,&.&"/("'	)/ +'!	&)!ก
ก  "()กก
ก0ก1##   .ก& 213 !	)"ก) '
  4)"ก)ก
"	('	  )ก$"+  ,ก !	
+'#&	/ &	
"	('	  %"5' )&
"#() ,6
 ),&"	('	"')&  "/
"ก,กกก
  !	+')&#&	/ !

$ก7&!ก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